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Haemostasis and thrombocytopoiesis 
HBLD OF THB INVENTION 
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This invOTtion relates to the control of the piimary hemostasia and the modulatioa of 
platelet nmnber and platelet fimctiaa in a subjects More specifically the invention relates 
to use of pituitary adenylyl cyclase activating peptide (PACAP), its derivatives, mimelics 
or inhibitors to modulate the primary haemostasis or tbrombocytopoiesis or the use of 
10 agonists or antagonists of the platelet receptor^ VPCAl , to modulate the primary 
haemostasis or tfarombocyto|ioiesis. 

BACKGROUND OF THE INVENTION 

IS The present invention relates to a new method for prevention and tieatosnt of either 
thrombosis or bleeding based on administration of pituitary adenylyl cyclase activating 
peptide (PACAP) numetics or iuUbitors respectively. 

The initial re^onse to interruption of continuity of a blood vessel is defined as primary 
haemostasis. Platelets play a m^or role m the pathophysiology of primary haerao$ta$is. 

20 Ihe clinical importance of platelets became first obvious wh«i thrombocytopemc 
patients who later on were diagnosed as having immune mediated thrombocytopenia 
(TTP) had purpura. Platelets participate in haemostasis by sealing vascular ixguxies and by 
fi>st0dug the process of blood coagulation. Not only ihe number of the platelets is 
important (thrombocytopenia for whatever reason) but also their intrinsic ibnction upon 

25 activation: platelet shape change, adhesion, aggregation and seoxetion are prerequisites 
for normal haemostasis. Congenital or acquired disorders interfering with one of its 
fimction can lead to mild to even sBvete bleeding problems. 

PievOTtLoa and treatment of bleeding in patients with thrombocvtopegcdla or 
thrombocytopathia is therefore based on platelet transfusion or medication irrterfedng 
30 with platelet number and/or function. 
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Platelets play aUo a xole in the developmeiit of arterial thrombosis. Disruption of the 
endothelial cell lining of the vessels ex^poses a^esive proteins ^vvxttnn tlie sabeoidothelial 
matxxs:, leading to platelet attachment Thereafter platelet spreading occurs as well as 
platelet secretion. The secretion of the contGOott of platelet gratifies can stimulate 
5 circulating platelets to acquire new adhesive pxopextiles- Finally^ stimulated platelets 
interact with one another during platelet aggregation and a platelet-rich thrombus is 
formed, which can compronaise the patency of blood vessels. Furthennore activated 
platelets accelerate the rate at which coagulation proteins ^ activated: phospholipids or\ 
the platelet sui&ce facihtate thrombin generation and fibna strand formation. 
10 Arterial and venous thrombosis azid their complications including ischemic stroke, acute 
myocardial infarction and venous thromboembolism, represent the major cause of 
morbidity and mortahty in the developed countries. 

Preventian and treatment of thrombosis are thers&re based on administration of 
antiplatelet drugs^ anticoagulants or tiirombolytic Oierapy or combinatlODiSi of them. 

15 

The pituitaiy Adenylyl Cyclase Activatiiag Peptide (PACAP 1-38) is a 38-airuno acid 
peptide that was first isolated from ovine hypothalaxnic extracts on the basis of its ability 
to stimulate cAMP formation in anterior pituitary cells (1,2), PACAP is part of the 
vasoactive intestinal polyp^tide (VIP)- glucagon- growth hormone releasing faotor- 

20 secretin superfamily. Its role in biology is probably crucial> since the sequence of PACAP 
is highly conserved during the evolution fiom prbtochordate to mtammals. PACAP is 
widely expressed: in the central and peripheral nervous system, the urogenital system, the 
gastco-intestlnal tract, several endocrine £^ds. Also PACAP leeeptofts axe widely 
distcibuied (2). Two classes of PACAP binding sites have been characterized on ^eir 

25 relative a£5nitie& for PACAP and VIP: type I binding sit» with high affinity for PACAP 
(Kd =0p5nM) and much lower ajSmity for VIP (Kd > SQOnM) and type n bindmg sites, 
which are widely distributed in various peripheral organs, d:aracterized with similar 
affinities for PACAP and VIP (Kd » InM). Molecular cloning of PACAP receptors has 
demomtrated the existence of three distinct receptor subtypes that are abundantly spread 

30 in many tissues: the FACAP'-spedbB.c PACl recqvtor^ coiq;»led to different signal 
transduction systems, and two PACAP: VIP-indiflEerent VPACl and VPAC2 receptots. 
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which are primarily coupled to adenyljl cyclase. We found that hiunaa platelets do 
express the VPACl receptor, lbs exact biological and phannacological function of 
PACAP has pxBsc?Qtly bean invdstigated in many organs and tissues as in cadocsrino 

« 

glands, central nervous system, respiraloiy system, cardiovascular system and 
gastarintestinal tract. Alfibiou^ alao extensive studies Jbave been pedbxmed on its 
function in the immune system, no data are available canceming its function on 
ha^ostasis. 



We have recently found that PACAP bas an important function in pximaiy Uiaemostaaia: 
platelet number as well as platelet function are highly influenced by PACAP. 

DETAILED DESCRIPIION OF THE PREFERRED EMBODIMENTS 

Some tezms and deifinitioas in tihe present invention will be defined first. 
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The tenn "phannaceatioaUy acceptable" is used adjectivally herein to mean that the 
modified noun is ^propriate £>r use in a pharaiaceutical product. Hie tenn "treatrassot" 
i»ferfi to any process, action, plication, therapy, or the like, wherein a mammal^ 
inchiding a human being, is subject to medical aid wife flie olgect of irngproving the 
maounal's ccmditiony direcdy or indirecdy. 

As used herein, "thrombocytopeaia" is a disorder in which ibe platdet levels in the 
affected individual fall below a noonmal range of platelet numbers for that individual. 
Thrombocytopenia includes infection-induced drnxmbocytopema, treatment-induced 
duomboc^penia, otfaeats. Infection-induced Oaronabocytopootia is a disorder 
characterized by a low level of plaislets in peripheral blood, which is caused by an 
infectious agent such as a bacteria or virus. Treatment induced thronabocytopema is a 
disorder characterized by a low level of platelets in peripheral blood which is caused by 
therapeutic treatments such as gamma irradiation, thetapeirtic exposure to radiation, 
cytotoxic drugs, chemicals containing benzene ox antinacene and even Some commonly 
used drugs such as chloramphradcol, tidowacil, and barbiturate hypnotics. Otixer ^es of 
tiuximbocytopenia comprise discwdos charactaized hw a. low level 
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peripheral bloody wMdi is caused by any mechanism other fikm tafectious agents or 
fherapeutic treatments mismg toombocytopema. Factors causing this type of 
tbrombocytopenia includci but are not UmltBd tO» boiae marrow di^oxd^ $i^h 
congenital amegakaryocytic hypopla^a and thrombocytopenia with absent radii (TAR 
syndrome), an increase in spleen size, or splenomegaly, caused by portal hypertensiono 
secondary to liver disease, or macrophage storage disorders such as Gauchers disease, 
autoimmune disorders such as idiopathic or immuae tbrombocytop^o pincpnia (TIP), 
vasculitis, hemolytic uremic syndrome, thrombotic thrombocytopeDic purpura (TIP), 
disseminated initavascular coagulation (DIG) and prosthetic cardiac valves. ITF is by &r 
the most jQrequent type in this group of thrombocytopenias. A subject having 
thrambocytopexiia is a subgect having any type of thrornbocytopenia. In some 
embodiments the subject having tiuombocytopenia is a subject having non- 
chemotherapeutic induced fhiombocytopenia. A subject having non-chemoth^rapeutic 
thrombocytopenia is a subject having any type of thrombocytopenia but who is not 
undergoing chemotherapy. In other embodiments the subject is a subject having 
chemotherapeutic induced thrombocytop^na, which includes any object having 
thrombocytqpenia and being treated with chemotherapeutic agents. 
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As used herein, "a subject at risk of developing thrombocytopenia^* is a subject who has a 
high probability of acquinng or developing thrombocytopenia For example, a paiietxt 
with a malignant tumour who is prescribed a chemotherapeutic treatment is at risk of 
developing treatment induced fhrombocytopenia and a subject who ha^ an increased risk 
of exposure to infectious agents is at risk of devolopmg inj^tilonrinduced 
tbrombocytqpCTia. 

'Increased levels of active platelets*^ means that platelet number is higher than compared 
with the manamaL as compared with the mammal not treated with an PACAP inhibitor of 
Ihe invention. An amount effective to increase platelet counts in the subject is an amount, 
which causes an mc»ease in the amount of circulating platelet levels* Ihe actual levels of 
platelets achieved will vary dependmg on uoany variables such as the initial status of the 
lune system in the subject, i.e., whether the subject has mild to severe 
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''floOTibocytopejnia (e,g., resnltms from an autoimnnine disease or spleaic sequestration). 
In general, the platelet levels of a subject who has severe thrombocytopearia ivill initially 
be very low. Any iacjrease in fhe platelet levels of such a subj ect» even increases to a level 
ftat is still below a noimal level, c«a be advantageous to the sulrjecL 

The term "a conopound Oiat inhOntB the espressioai" hexe to getie escpxession and 
thus to Hhs uihibition of gene faajoscription and/or tcanslatiQa of a gene IttBtSetipt CtoKNA) 
such as foi example the PACAP gene. Pleferably said mMbition is at least 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90% or even higher. 

The tenn "a conjpound that inhibits the activity" refers to (he protein that is produced 
such as PACAF or its reo^tor, in this invention preferably the VPACl receptor. The 
inhibition of activhy leads to a diniinished intecaction (e-g. in the case of PACAP or VIP 
with the VP AC (1) receptor) wilh its lecgrtor said an inhibition of signal tcansduction)- 
Preferably said inhibition is at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or even 
highoT' 



ANTI-THROMBOTIC AGENTS 



An important embodimeDl of present invention relates to compositions eonqaising an 
activator of PACAP and/or a PACAP receptor a^arist, preferably a VPAC(1) receptor 
agonist for treatment (particularly the prevention or suppression) of platelet 
hyperfimctiion in a sulgecL 

It can be a pharmaceutical composition, which corapriises an amount of PACAP or a 
mimetic thexeof effective for bkckmg or prwentmg tbrombosis in a subject, and a 
phaimaceatically ^ective cander. This pharmaceutical composition can be used to tceat a 
subject havhig a thrombus or at risk of thrombus fomxatiion or to manufacture a 
medicament to treat a suttject having a thrombus or at risk of thrombus formation. 



PAGAP receptor selective agixiusts axe, for juastance. Hue ccgtnpQU]ixd$ of Hi^ group 
consisting of die PACAP, VIP, [K(15)^16),L(27)]Vl]5(l-7yGRF(8-27), [R(16)]Ca]iSa). 
(Liuudberg et al^ EDdocrinology 2001 Jaa. 142(1): 339 - 47; Lema Kisoka R et al. 
5 Peptides 2001 Dec; 22 (12): 2155-62), [(1 1 W8>AJk]-VIP CAjwleiaoia CM. et a], ftr. J. 
Phaonacol. 2003 Fe1>.» 138 (4): 564 - 73). 

On fhe other hand, the 38-amiao acid finm of FACAP (FACAF38), 
HSDGIFTDSYSRYRKQMAVKKYLAAVLGKRYKQRVK1^-NH2 and PACAP27» a 

10 27-iesidue alpha-araidaled polypeptide^ HSDGIFTDSYSRYRKQMAVKKyLAAVI/- 
!l^5H2 aie potent agonists of PACAPAnOP receptors. Based on thdr binding afiGnity and 
adenylyl cyclase stimulating properties, PACAP 2-38, PACAP 2-27, AciHISl PACAPl- 
27, Ala2 PACAP<l-27) have also been demonstrated to be potent agonist of 
PACAPAHP receptors (Vaodry D. et al, Pljflanacological reviews Vol. 52, No. 2: 269- 

15 324). 

Amino acid substitutions and additions of a fetty acyl moiety have led to the developm^t 
of Upopibilic VIP derivatives that exhibit enhanced potency and specificity f<c«r VPAC 
receptors (Gozes and Fridkin> J. Qin. Invest SK): 810 - 814, 1992; Cozes et al, Cell MoL 
20 Neurobiol. 15: 675-687, 1995; Gonrlet et al. Bur. J. Phamiacol 3S4: 105-111, 1998). 

. AgCBDists of the type II PACAP receptor, VPAC(l) are for mstarace compoiBDds of the 
groop consisting of [R(16)]-PACAP<l-23) (Van Ranapdhergh et al. Br. J. XtaaaacoL 
2000 Jim; 130 (4): 819 - 26), [(L22)]-VIP (Van Raopelbeigh et aL Br. J. PhannacoL 
25 2000 Jun; 130 (4): 819 - 26), (LyslS, Arsl6, Lew27)VIPl-7 GBP8-27 (l^oody TW et al 
Ann-N.Y. Acad. Sci 2000; 921: 26-32). 

Present inventum has now demonstrated that a phannaceutica] composition, which 
comprises an effect amoimt of above mentioned PACAPA^ receptor agoxust and a 
30 phamxajBeaticadiy effective carder can be used decrease platelet hyperlEunctlon and/or ibr 
blocking or preventing thrombosis £nmation in a subject. Such pharmaceutical 
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composition be to manu&cbire a medicament to treat a subject having a thrombus or 

« 

at risk of thrombus finmadon. 

The invexitlon provides thus compositions and methods useful for ixihibitui& supjxressing 
5 or ameliorating platelet hyperfonptlon in mammals, includmg humans* The invention 
^plies to human and vetematy plications. The inv^ve pprapositiQn and method 
have been shown to be especially effective in preventing thrombosis formation, A new 
class of pharmaceutical compositions OTid methods of trealm^ and prevention of 
thrombosis and thr<nx]bosifi related injuiy a^ 

10 

Hie subject of present invention also provides a phaxmiaceutiical composition, wliich 
comprises an activator of PACAP or PACAP receptor agonist, which in combixx^tion with 
an other antithrombotic agent, in an amount and proportion £;>r enhandng the action of 
flie other antithrombotic agent (e,& aspirin, or an agent which blocks glycoprotein ZEbllla, 
15 heparin, warfarin, coumarin derivatives, thrombin inhibitors, or Factor Xa inhibitors) to 
prevent clotting or dissolve clots which have already formed. 

The subject of present inv^on also provides a phaxmaceutica) composition^ which 
comprises an activator of PACAP or PACAP receptor agonist, which in combination with 
20 an other antitbrcxmbotic agent, in an amount and proportion for enhancing the action of 
fhrombolj^c (e.g. st^hylokinase^ streptoldnase, vxokinaae^ tissue plaaooinogen activator, 
plasmin, noim- or micmplasmin) to dissolve clots which have already fanned 

In axidition, the present invention finds utility in other contexts where prevention of 
25 platelet h^fpeiactivity is a significant concern, e,g, acnte coronwy syndrome, myocardial 
ixxEBX€ti<m, acute myocardial infarction^ unstable angina, refractory angina, peripheral 
vascular disease, occlusive coronary thrombus occurring post-thrombolytic therapy or 
post-coronaiy angioplasty, a thrombotic^y mediated cerebrovascular, syadrome, 
embolic stroke, thrombotic stroke, transient ischemic attacks, venous thrombosis^ de^ 
30 venous thrombosis, pulmonary wibohis, coagulopathy^ disseminated mteavascular 
coagulation, tibrombosis following angioplasty, restenosis following wigioplasty. 
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ttir5jti3bD5Mf^!^^ endarterectomy^ thrombotic ^ombocytopeoic puipuxa^ 

ftiomboangitLS obliteraiis^ fhroxnbotic diseasQ associated with hepadbix-mduced 
dzrombocytopeiuay thrombotic complicatioxxs msociatod with extraQCHpore^ cixcuteliona 
tiborombotic complicationd associated with lostnimCTtation such as cardiac or . other 
5 inlrarasciilar cathsrization, intra-aortic hdloti pump, corojoary stent, a£heroscIefo$id, or 
cardiac valve^ disorder is characterized by transiaxt ischemic attacks, and conditions 
required the jSltting of prosihetic devices. 

Regarding flie method for blocking or pjev^atins thrombosis in a subiject, this invention 
10 provides that the subject may be a human. The human may be a patient. The subject may 
also include other mammals; ecxamples include dogs, cats> horses, rodents, or pijp» 
rabbits, among others. 

15 

ANTI-HAEMORRHAGIC AGENTS 

This invention also relates to conq^ositions for treatment (particularly the prevention or 
suppression) of platelet hypofunction in a sulrject, raswe specijGicaUy a ccrapositilojoi 

20 comprising a molecule selected fiom the list consisting of an antiseoo^e molecule » sm^ll 
molecule^ an antibody^ a ribozyme, a transdaminant receptor^ a tetrameric peptide in an 
effective amount to inhibit the expression and/or activity of a PACAP gono CPACAP 
inhibitor), the activity of the VPAC(1) receptor, or in an effective amount to inhibit the 
expression and/or activity of a VIP gene (VIP inhibitor)- The compositions for inducing 

25 platelet production^ con^arising to effective quantity cf a PACAP inhibitor or VIP 

inhibitor can be in admixture with phamiaceutically acceptable diluents, caxriers or 
excipients. 

This property of stimulating platelet production of the molecule should mjulef it a useful 
30 adjunct in thcsrapy of patients suffering from acute thrombocytopenia, for example^ as a 
result of chemo- or radiotherapy of various cancers. Currently^ such patients are at grave 



8 




risk whea i:mtm^mm^^\s '«:^-'^~m%^ to l^^b ttaoxabogenesis 
pitechtded. 



IS 



The iavrention provides compositions trad methods usefid for activatixjig 
thrombocytopoiesia in mammals, including humans. Tlie inv«iti<m applies to human and 
veterinary plications. The inventive composition and method have been shown to be 
especially efBective in to treating platelet hypoAmetioa 



]n addition, the present inventim jSnds utility in other contexts, e.g.. Radiation or 
chemother^eutic treatment, where of prevention or treatment of ttiKHnbooytopenia. 
aaenia and neutropenia is a significant concern. Tte depletion of hematopoietic 
piecursora in the bone manow associated with chemotterapy and irradiation result in 
bemonhagic and infectious compUcations. Severe suppjassian of the hematopoietic 
system is a m^or fictnr in limitrng chemotherapy use and dose escalation. 

The invention in one aspect is a meflwd for increasing platelet counts in a sutgeot having 
flaombocytopenia or subject at risk of developing thnmibocytopema by administmng to 
fliB subject a P ACAP or a VBP inhibitor. 



In one embodiment the invention provides the use of a compowad thrt inhibitts the 
expression and/or activity of PACAP gene for the manu&cture of a mcdicammt for 
tteatment of platelet hypofonotion or low platelet levels. This is baaed on the finding that 
platdet hypofunctiott can be treated (activated) or the platolet level can be imveased by 
xohibitang the expression and/or activity of PACAP. 



Another embodunent of the uivention provides the use of a compound that inhibits the 
expression and/or activity of VIP gene for the manufacture of a medicaraeat for treatment 
platolet hypofunction or low platelet levela. 



Con^wunds useful fta- exercising the toranbocytopoietic tteafcment or the manufacturing 
of a medicament for phitolet hypoj!unction of present invention axe thus compounds that 
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inhibit flie actiidly of PACAP or VIP and more specifically that antaggmso PACAP 
platelet receptor For instance &ev^l cooxpoimds^ e.g. (poLy)pq>tides ore known to be 
PACAP receptor antagomsts as fbx xastance the c<w]txpo«]ad8 of tite groxp conaistmg of 
max.d.4 5 (Sakaahita Y et al., Br. J. Pharmacol 2001 Apr., 132 (8); 1769 - 76). PACAP6- 
5 38 (Tohei et aU Neuxoendocrinology 2001 Jan-, 73(1): 68-74). Compounda thai are 
laiowa to have type II PACAP receptor antagonists properties are several N-termraal 
truncated or substituted VIP peptide such as [4a-D-Phe6, Leul7]VIP, VIP(10-28) 
CPaodol et al,, AM- J. PhysioL 250: G553 - G557 1986; Turner et al.. Peptides 7: 849- 
854, 1986; Gozes et aL, 1995; Gourlet et al., 1997a), cyclic lactam analogs of PACAP 
10 (Bitar et al„ Peptides 15: 461 - 466, 1994). VPAC(l) rec^tocr selective antagonists 
faiown are for instance [AcHisd), D-Phe(2), Lys(15), Leu(17)]VIP{3-7)/GRF(8-27) 
(tema Kisoka R et al. Peptides 2001 Dec, 22 (12); 2155 - 62), neutralising antibodies 
against VPAC(1) or sptamets (3-dimensional nncleic acids that bind to molecular targets 
in a manner aanilar to antibodies) that bmd to VPAC(l) receptor or s^gainst PACAP 
IS Oiereby nsutralisimg its activity. 

The uzvention is directed to the of molecules that act as inhibitors (or antagonists) 
of PACAP or its recq^tor VPAC(l) such as antibodies and ftmctiLonal ftagtnents derived 
thereof^ anJi-sense RNA and DNA molecules (e.g. polynucleotid© sequences), zibozymes 
20 that function to inhibit the txanslation of PACAP. 

Small molecules can also intei&re by binding on the promoter region of PACAP and 
inhibit binding of a transcription fector on said PACAP promoter region so that no 
PACAP mRNA is produced, 

25 

An embodiment of the preset invention relates to the usage of molecules which 
Gompiise a region that can specifically bind to PACAP or to its receptor CVPAC(l) 
receptor) and consequently said molecules interfere with the binding of PACAP and/or 
VIP to its VPAC(l) leceptor interfering with the signal transduction of PACAP and/or 
30 VIP and said molecides can be used for the manu&cture of a medicament for treatment of 
platelet hypofimction. Thus more specifically the invention also relates to molecules that 
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neutralize tife-^^gPraS^^^^OT^^exais with its synthesis, Iraaslalion, 
dimerisation, receptor-bindiAg and/or recq)tor-bmding-medialed signal transduction. By 
molecules it is meant peptides, tettaiaerio peptides, pnrteins. organic tttoldOules, mutants 
of ttie PACAP or VIP, soluble lec^ts of VPAC(l) and ray fi^«at or homologae 
tfaeceof having the same neuttalizing eSBect as stated above. 

Also, the molecules in tbis inveolion conpise antagomsts of PACAP such as antt- 
PACAP acitibodies and fimctianal fiagments derived fbeteot, anti-sense RNA and DNA 
molecules and libozyznes that function to inMbit flic translation of PACAP, a]I capable of 
interfering/or inhibiting <he VPAC(l) signal tamsduction. By synlhesis it is meant 
transcription of PACAP. Small molecules can bind on ifae promoter region of PACAP 
and inhibit binding of a transcription fector or said molecules om bind $aid ttansciiptilott 
fecstor and inhibit binding to the PACAPipromotcr. By PACAP it is meant also its 
isofomis, wMdi occur as a result of processing of PACAP precursosrs. As a result of 
precursor prooessnig PACAP two isofomiis are Imown, PACAP-38 and PACAP-27. 

hi another the invention provides flie use of molecules that inhibit the racpiession and/ox 
activity of VIP for the jaaanufecture of a medicameoj for treatment of platelet 
hypofunotion- Thus more specifically the invention relates to the use of molecules that 
neutralize the activity of VIP by interf«ing with its synthesis, translation, reoeptw- 
binding and/or receptor-binding-medialed signal transduction. By molecules it is meant 
peptides, tetrameric peptides, proteins, organic molecudes, having the same neutralizing 
effect as stated above. Also, in this invention the molecules comprise antagonists of VIP 
such as anti-VIP antibodies and functional fiagmeots derived thereof, anti-sense RNA 
and DNA molecules and ribo^ymes that fiaiction to inhibit the tauslation of YEP, all 
capable of inteKfering'or inhibiting the VIP signal ttmtsdndion. By synthesis it is meant 
tianoxiption of VIP. Small molecules can bind on tbs promoter region of VIP and inhibit 
bmdh»g of a transaction fector or said molecules can bind said transcription factor and 
inbibit binding to the VlP-pxttmoter so that there is no escpression of VIP, 
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The tenn ^antibody' or 'antibodies' teld^s £6 IS antibody charactedzed as being 
specifically directed against VP AC(Oy PACAP^ VIP or any fimctional d^vadve ttiereofy 
wilk said antibodies beiiig preferably monoclonal antibodies; or an antigen-binding 
fragrant thereof of ttie FitsSo^)!, F(ab) ox single chain Fv typo» ox any type of 
5 recombinant antibody derived thereofl These antibodies of the inventiosi, including 
spedfic polyclonal antisera i»epaied against VPAG(1), PACAP» VIP or any functional 
derivative thereof^ have no cross-xeactivity to others proteins* The monoclonal antibodies 
of the invention can for instance be produced by any bybridoma liable to be fbocmed 
according to classical methods jBrom splenic cells of an animal» particularly of a mouse or 
10 rat immunized against VPAC(l), PACAP, VIP or any functional derivative thereoJ^ and 
of cells of a myeloma cell line, and to be selected by the ability of the hybxidoma to 
produce the monoclonal antibodies recogmadng VPAC(1X PACAP, VIP or any functional 
derivative thereof which have been initially used for the immunization of the animals. 
The monoclonal antibodies according to this anbodiment of the invention may be 
15 humanized versions of th^ mouse monoclonal antibodies made by means of xecombinant 
DNA technology, departing from Che mouse and/or human genomic I>NA sequenc0$ 
coding for H and L chains or fiom cDNA clones coding for H and L chains. 
Alternatively the monoclonal antibodies according to this embodiment of the invention 
ixxay be human monoclonal antibodies. Such human monoclonal antibodies are prqpared^ 
20 for instance, by means of human peodpheacal blood lymphocytes O^BL) tepopulation of 
severe combined immune deficiency (SCID) mice as described in PCT/BP 99/03605 ox 
by using transgenic non-human animals capable of producing humaa antibodies as 
described in US patent 5,545,806, AJsso fragments dedved fronx Ux^e ma)txoclo»LaL 
antibodies such as Fab, F(ab)'2 and ssFv C'single chain variable fragment^'), providing 
25 ihey have retained the original binding properties, form part of the present Invration, 
Such fragments axe commonly generated by, for instance, enzymatic digestion of the 
antibodies with pspain, pepsin, ox other pxote?ises. It is well known to the persoxn stalled 
in the art that monoclonal antibodies, or fragments thereof, can be modified frxr various 
uses. An appropriate label of the enzymatic, fluorescent, or radioactive type can label the 
30 antibodies invoh^ed in the invention. 
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SmaU molecules, e.g. small organic molecules, and other drug candidates can be 
• obtained, for example, fbora combinatoaal and natural pdcoduct libraries. 
Random peptide libraries, such as the use of tetrameric peptide libraries such as described 
in WO0185796, consisting of all possible combinations of amino acids attached to a soHd 
lAase support may be used in tiie present invention. Also tiansdominaat-negstive mutant 
fotraa of PACAP-ieceptors (e.g. a transdominantHnegative receptor of VPAC(1) cau be 
used to inhibit the sigual transduction of PACAP or VJP. Also within the scope of ihe 
invention is fixe use of oligaribonncleotide seqnenoes flbat iriolude anti-sense RNA and 
DNA molecules and ribozymes that function to inhibit the translation of VPAC(1) 
mRNA or PACAP mKNA or VIP mKNA. Anti-sense RNA and DNA molecules act to 
dtrecliy block the translation of mRNA by binding to targeted njRNA aod preventing 
protein translation, to regard to antisense DNA, oHgodeoxyribonucleotides deriwd from 
flie tianslation initiation ate. Ribozymes are enzymatic RNA molecules capable of 
catalysing the specitic cleavage of RNA. Tbie mechanism of ribozyme action hxvolves 
sequence specific hybridisation of the ribozyme molecule to complqraeataty target RNA. 
followed by an endonucleolytic cleavage. Within the scope of the invention are 
engineered hanmwrhcad motif ribozyme molecules tbai epecifioally and effioiently 
catalyse endonucleolytic cleavage of VPAC(1) RNA, PACAP RNA or VIP RNA 
sequences. Specific ribozyme cleavage sites within any potential RNA target are initially 
identified by scanning die target molecule for ribozyme cleavage sites, which inchide tiie 
following sequences, GUA. GUU and GUC. Once identified, short RNA sequences of 
between 15 and 20 ribonucleotides corresponding to th« region of Qie target gene 
contaraing the cleavage site may be evaluated for predicted stmctural features such as 
secondary structure tiiat may render the Oligonnsdeotide sequence unsuitable. Both anti- 
sense RNA and DNA molecules and ribozymes of the invention may be prepared by any 
method koown in the art for die synthesis of RNA molecules. These include techniques 
for chemically synthesizing oUgodeoxyribonudwtidBs well known in die art auch as for 
example solid phase phospfaoramidite chemical synfliesis. Alternatively, RNA molecules 
may be genoated by in vitro and m vivo trans«d9)tion of DNA seq^ces encoding the 
antisawe RNAmokcule. Such DNA sequences maybe inooiporatsd into a wide variety 
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of vectoK, which mcorporate suitable lO^A pdljMig^^M?!^^ SP6 
poL^noajBorase promoters. Alternatively^ airCisease cDNA-constructs that synthiesize aati« 
s^e KKA constitiitiv^ly or miducible^ depending on thie promoter used^ can be 
mtrodnced stably into ceil lines. 

5 

The teem 'medicamexit to treat^ relates to a composition compnsizig molecules as 
desoibed above and aphannaceutically acceptable cmiec or eKcipi^t (botlx terms can be 
used interchangeably) to treat diseases as indicated above. Snitable canters or excipients 
known to the skilled man are. saline. Ringer's solution^ deiKtrose solntian^ Hank^s 
10 sohrtion^ fixed oils, ethyl oleate, 5% dextrose in saline, substanoes fhai enhance 
isotonicxty and chemical stabiUly^ buffexs and prescivatLves» Other suitable caniegrs 
include any carrier that does not itself induce ttie production of antibodies harmful to the 
individual receiving the composition such as pxoteins> polysaccharides, polylacdc acids, 
polyglycplic adds, poLymedc amino acids and axniao add copol^ers, Tlxe 
IS 'medicament' may be administered by any suitable method within the knowledge of the 
skilled man. The preferred route of adnodnistration is parenterally. In parental 
administration, the medicament of this invootion will be formulated in a umt dosage 
iqjectable form sudbt as a solution, suspension or emulsion^ in association with the 
phaxmaceudcally acceptable exdpients as deftacd above. However, the dosage and mode 
20 of admixnstratiQn will depend on the individual. Generally, the medicament is 
administered so that the protdn^ polypeptide, peptide of the pres^ invention is given al 
a dose between 1 \ig/ksi and 10 mg/kg, more preferably between 10 lig/k^ and 5 mg/ks, 
most pre&rably between 0.1 and 2 mg/kg. fteferably, it is given as a bolus dose. 
Continuous infusion may also be used and includes contiimous subcutaneous deliv^ via 
25 an osmotic minipinnp. If so» the medicament may be infused at a dose between 5 and 20 
p.g/kg/minute, more preferably between 7 and 15 |ig/kg/xnin[ule. 

Another aspect of admimstration fbr treatment is the vise of gene therapy to deliver the 
above motioned smti^sense gene or functional parts of the VPAC(l) gene, PACAP gene 
30 Of VIP gene or a ribozyme directed against the VPACCl) xnRNA, PACAP mRNA, VIP 
mRNA or a functional part thereof or a genetic coxiatruct encoding a transdonainajat- 
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negative nratant fonn of VPACa)-r6oeptox5. Gene ttierapy means fee treatmeat l>y the 
deEvwy of thex^peulic nucteic acids to patieaf s cells. This is extenaivBly reviewed in 
Lever and GoodfeHow 1995; Br. Med BulL,51, 1-242; Culver 1995; Ledley, FJ3. 1995. 
Hum. Gene Ther. 6, 1 129. To achieve gene iherapy there must be a method of ddivenng 
genes to the patient's cells and additional methods to ensure the effective production of 
any therapeutic genes. There are two general approaches to achieve gene delivery; these 
are non-viral delivery and vints-mediated geiis deliveiy! 



Brief descriptiotk Of the drawings 

figure 1. FanUly pnsentatiotu Squares^ male; chcles, female; filled symbols, affected 
individuals; open symbols, unaffected individuals. "Ebie probaixd is indicated with an 
arrow. Bla<^ Med symbols represent members with severe mental letaxdaticsa «ad a 
partial tnson^ 18p and monosomy 20p, striped boxes «pres«it members with bontafline 
IQ and the baknced translocation t(18;20) (p21;pl3) while question marks stand for 
members wifli unexplained mental retardation but unfcnwywn karyotype. 

Figure 2. Plaietet aggregation and adenyfyl cyclase activity. A. ICso ± accuracy values 
for indicated individuals and. flie mean ICso value for Bopiost in the platelet aggregation 
inhibition test with 2 pg/ml collagen in 22 conlrols were calculated. A significantly (P ^ 
0.03* or P ^.0070 lower ICso value indicates a Gs hyper*TOicti<wju Ihe riglrt cofanm of 
this table illustrates the sigmficantly decreased response to collagen (Hg^mO for 
respectively IV:5 and V:3 (P £0.003*) veacsus V:4 and VI:1 (P SO.OOOO compared to 
10 controls or IV:6. BCso is expressed as coUagen concenttation Ihat induces aggregation 
with ampHtude 50 % of maximal aggregation. B. Measurements of cAMP levels under 
basal conditians performed in duplicate Oeft panel) or after stimulation with Iloprost (1 
ng/ml) for various time intervals (right panel) in platelets jftom VI:1 (■) or an unrehited 
control (*). c. Measurements of cAMP levels under basal conditions performed in 
di5»licate (left panel) or after stimulation with isoproterenol (1 pM) for various time 
intervals (ri^t panel) m fibroblasts fi«>m Vl:l (P), a patiernt wx«h trisomy 18 (A) or an 
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unrelated control (^). All cAMP measurenLeatB were perfoimed in the presence of th.e 
phosphodiest^ase ixihibitor XBMX <400 hM). 

Figure 3. Localization of the PACAP gene by FISH. Two color FISH with piobo Y841C3 
5 (green) and two centromeiic prob» for dxromosome 18 and 20 (red) for patient VLl and 
bis modier The arrows point to the PACAP signals. 

Figure 4. PACAP detection in fibroblasts and plasma. A. Semi-quantitative RT-PCR 
using 20 cycles showed PACAP(1-3S) overerxpxession in fibroblasts j&om patientVI:! 

10 compared with two controls, p-actin is the inteimal control. B, PACAP detections by 
ELISA in plasma from citrate panel) or ACD (right panel) blood show pronounced 
or moderately increased PACAP level in req>ectively VI:1 (■) and V:4 (A) or IV:5 (•) 
and V:3 (♦) vwsus a dtrated plasma pool (*) or JV:6 (<>), C. Collage induced 
aggregation of control platelets in plasma from a control or fix>m pati^ IV; 1 (two 

IS experiments shown)* 

Figure 5- Role of PACAP(€-38) in platelet aggregation. A, Dose-dependent stiraulat«3xy 
effect of PACA]P<6-38) on coUagen-uuiuced (0.2 p.g/xxxl) platelet aggregataoTL B« The 
platelet aggregation inhibition test with collagen (2 fxg/nd) and different concentrations of 
20 Boprost (ng/ml) as indicated in the absence (J^fi panels) and presence (right panels) of 
PACAP(6-38) jfor a control (upper panels) or patient VI: 1 (lower panels. 

iTigure 6. Effect ofanti-PACAP antibodies in mice. Platelet aggregation was performed 
in PRP pooled fix)m five mice of each group with 250 x 10^ plt/jil- A Stimulatory effect 
25 of a polyclonal anti-PACAP antibody (10 ixg/inl) on coUagen-^induced (0.35 }^e/ml) 
platelet aggregation. B. The platelet aggrejg^ti<m inhibition test with collagen (2 HgAoal) 
and preincubation of Soprost (10 ng/ml) for mice injected with the indicated antibodies. 
C. Platelet aggregation induced with a low concentration of collagen (0.2 KS/znl) for mice 
injected with the indicated antibodies* 

30 
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Figure T. The mean platelet number per m1 for miw (ik=^ ) Lnjwted ^tlx cither^^^SCT 
anU-PACAP (A) or an irrelevant aoti-32-glycoprotein I (B) ratibody was detemuned 14 
days after the fizst antibody juojection. 

FIgnre 8. Mean platelet number 4^- SD for miw (ii=5) iijwted with exdier polyclonal 
anti-PACAP (A) or anti-vWF (75H4B12) (B) antibody determined at the indicated days. 



Kgnns 9. Mean platelet mimber/»il +/- SD for mice (ip=5) Meoted wilk eiflier polyolonal 
anti-'PACAP (A) or an iixelevant anti-XLos (B) polyclonal antibody deteraiined at Uw 
indicated days. Data r^rwent separated espedmeiate A «jd B. 

The following exan^Ies more fclly illustxate prefecred featmes of «xb invention, but 
not intended to limit the invention in any way. All oftho starting materials and reagents 
disclosed below are known to those ^ed in the art, and aie available commetciaUy or 
can be prepared using weU-known tetdmiqnes, 

PACAP overexpression in pattenis 

Patient desariptions. 

We describe a femily characterised by an unbalanced segregation of the rec^cal 
translocation t(18;20) fe21ipl3), of which differait membeis sufifer from uneai>lained 
mental retardation (Figure 1). The propoatMs (VI:1) is a 23-ycar-old boy with a 
hypogonadotropio hj/pogonadism and is followed for epilepsy, severe mental retaidation. 
hyperactive behaviour and hypotonia. He has an increased bleeding tendency and the Ivy 
bleeding time was markedly prolonged (> 15 minutes) but coagulation studies axe 
aiormal. Electron microscopy of his platelets is completely normal but be presented on 
diflfereat occasions with a moderate Ihrombocytoperaa, as his platelet count is always 
about 70-90 X 10^ platetets/nL His karyotype shows a partial trisomy 18p and monosomy 
2pp, His brother (VI:2), filher (V:2) and maternal grandmother CIV:6) axe phesaotypicaUy 
normal, have no bleeding problems and have a nonnal karyotype, fii contrast, his mottier 
(V:S) and maternal grandJfettiBr (IV;5) have no obvious neurolomo fifiTinrma]it<iefi lint a 
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borderline IQ* They carry tlie balanced traoslocedioa t(18^0) (p21»pl3). They don't have 
any obvious bleeding problCTis and have a normal platelet count. His 47-year-old uncle 
(y:4) also sufiers fcom severe mental retardation^ pronounced recurrent epistaids and 
cryptorchidism^ Furthermore^ he fiequently has gastric bleedings and his platelet count is 
5 around 150 x 1 0^ platelets/j^L He also has a partial trisomy I8p and monosomy 20p. Two 
other &mily members (IV:2 and V:l) are known Tvith unexplained mental retardation but 
ftom these individuals no DNA sanxplra or further clinical ioformation arc acvailable. 

Adenvlvl cyclase activity in platelets and fibroblasts 

10 The propositus VI;1 has disturbed platelet function with a gwx-of-Cs activity 

measured by the platelet aggregation inhibition test, shnilar to what we described for 
patients with Uie XLos insertion (3,4). Platelets &om the patients (Vhl md V:4 ) mUx the 
partial trisomy ISp/monosomy 20p had a. aLguifilcantly increased senisitivity towards a. Gs 
. agonist, the prostacyclin analogue Iloprost (Figure 2A),i while platelets from the faxoily 

15 nu^Dobers (IV:5 and V:3) with ike balanced translopatian showed a moderately increased 
sensitivity. The ICso value for member IV:6 with the normal karyotype is within the rage 
of the IC^ values firom 22 uorelated controls. 

An important difference between patients from Ibis :&mily and the patients with 
the XLos insertion is their decreased sensitivity towards the platelet agonist collagen, 

20 The collagen concentration to obtain 50 % aggregation for platelets from V:4 and VLl is 
significantly higher than for platelets from unrelated controls or ttie normal member IV:6 
(Figure 2A)^ The reactivity of platelets from IV:S and V:3 towards collagen is again 
mildly affected. 



25 responses mediated by stimulation of Gs agonists are due to hyperactivity of adexiylyl 
cyclase only when Gs-coiqpled receptors are stimulated (3^4). These patients bad nononial 
basal cAMP levels. We hypothe^ed thai in the platelets of the propositus VI: 1 , adenylyl 
cyclase is already activated under basal conditions. In addition to an increased cAMP 
response to Ilopiost, patient VI:1 indeed shows highex basal cAMP lisveU (Figure 2B). 

30 We also perfozmed cAMP measurements in fibroblasts fiom VX;1 and found a similar 
increased basal and stimulated cAMP respcmse (Figure 2C). 



For patients with the XLas insertion, we d^^oEOStrated th^t the fiinotional 
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£ACAPfl-38'> mRN A and nrotBin overexpress^ ft^ 

Patient VI: 1 has a aonnal Gsa mRNA and protein eKpcossiQn level and Ho coding 
sequence for <he Gsa gaie and Xl^exonl were completely nonaal. Since this patient had 
a partial trisomy 18p and monosomy 20p, these chromosomes were screened fiw 
candidate genes. Jntewstingly, measuremestt of the adenyl^d cyclase activity in fibroblasts 
ftom an unrelated palient with a conq»lete teisoxny 18 showed sitcilarly inciceaBed ba$al 
and stimulated cAMP levels (Figure 2C). The gene for PACAP (4DCrAPjl) is located on 
chromosome lSp31-32 (5) and is a possible candidate since its active peptide, PACAP(1- 
38), Btimiilates Gs-ooi^led receptors and flxareby activates adeoylyl cyclase. FISH 
analysis with YAC clone Y841C3 (6), that contains ACDYAPi, showed that the 
translocation results in three copies of the gene in patients VL 1 and V:4 (Figin^ 3). 



uwnan slan fibroblasts express PACAP(I-38) and the PACAP typel-yeceptor 
(VPACl) (7), PACAPa-38) mRNA was overexpxeased in fibroblasts fiom patient VLl 
(Figure 4A) by semi-quantitative RT-POL No PACAP mBNA was found m platelets by 
RT-PCR* probably due to their unstable RNA. However, we could s^ow by western blot 
analysis that platelets e]q>ie83 the VPACl receptor (data not shown). The active peptide 
PACAP (1-38) is mainly expressed in testis and bnrin but this peptide can cross the 
blood-brain barrier and is stably transported in plasma Ifarou^ coupling with 
ceruloplasmin (8,9). PACAPa-38) was detected in human plasma by BLISA and 
significantly higher levels were found in patients VI:1 and V:4, and moderately increased 
levels in IV:5 and V:3, in contrast to a plasma pool of unrelated controls or rV:6 (Figure 
4B). Platelet aggregation using washed control platelets resuspended in ciliated plasma 
fiom a control or patient VI:1, indicated that plasma flora VLl inhibits tbe collagen 
induced aggregation figure 4Q. This could be due to tiie increased amount of 
PACAP(l-38) in this plasma. 



Role for PA CAP in i>latelet a^ prgjai^on 

To detomine the effects of the Gs a^mist PACAP(l-38) 
collagen induced platelet aggregation, we pexftomed additiona 



as. an izdubitor of 



aggregatianB with its 
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antagonist PACAP(6-3S). This recombinant p^tids hsas ^ 10-100 times MgbLer ajOOboity for 
Cbs VPACl teceptoT than PACAP(l*38) but seems not to activate adenylyl cyclase (2), 
PACAP(6-38) activates the collagen-induced platelet aggregation in a dose-dqiimdent 
manner (Figure SA). In the pr^ence of PACAPCe-SS), basal oAMP levels are 10-20 % 
5 lower (data not shown). The fimctional platelet aggregation inhibition test for a control 
person in the presence of PACAP (6-38) remits in a Gs loss-of-fiinctLon (Figure 5B), The 
influence of PACAP(6-38) on the platelet aggregation test for patient VI; 1 was not that 
pronounced, probably because his PACAP plasma levels were too high. 

10 Role for PACAP in platelet aggregati on bv studies in mice. 

Functional platelet studies fiom patient VI:1 show tiiat increased levels of 
PACAP(l-38) in plasma result in increased basal cAMP levels aj^d a platelet 
hypofhnction. The role of PACAP(l-38) in platelet foaotton ww also studied in mice by 
subcutaneous ixjection of polyclonal or monoclonal anti-PACAP antibodies. These 

15 antibodies had a similar efiTect on platelet aggregation as the PACAP antagonist 
PACAP(6-38). Platelets mcubated with anti-PACAP antibodies (10 MS'ml) show an 
enhanced response towards ooUagoi stimulation (Figure 6A). Moreoveor, when mice were 
functionally tested by platelet aggregation 7 days after their last injection^ mice treated 
Willi anti-PACAP antibodies show the opposite phenotype to that observed in patient 

20 Vtl- In contrast to the treatment with the aspecific antibody against p2-glycoprot©itt ly 
anti-PACAP-treated mice show a weaker response towards activation of the G$ pathway 
and have an enhanced response towards collagen stimulation (Figure 6B,C)r 

Role of PACAg m thrombocfytopenia 

25 

As tto above deacdbed patient was also tibnmibocytopenic, we hypothesized that 
PACSA^(1-S8) or increased cAMP levels could lead to a defiective megakaryocyte 
matmatkm. The rale of FACAP(l-38) in thrombocyfsrpai^ -was fiutiber studied in mice 
by subcutaneous ixgection of po1ycl<nial or monoclonal anti-PACAP antiJbpdids, Th^ ttrice 
30 injected with the anti-PACAP antibodies (gnnip A» have fuithexxnoxe iw^rea&ed 
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platelet nnmbecs in contrast to the control group (group B. n=5) (im ± 237 x 10* pli/pl 
vereus 722 ± 178 X 10' plt/jU, p= O.Ol - iwjpwred X-tsst) (Figure,?), 

This experimeat was repeated but now the platelet number was determined during the 
experiment at differgat time points (days 0, 3, 7, 9, and 14) by tail bleeding (figure 8). 
Mice injected with anti-PACAP imtibodies (at day 0. 3, and 7) and already show 
increased platelet numbers 3 days after antibody injectiorL 



We studied the increased thrombocytopoiesis after pre-txeatment with a polyclonal anti- 
PACAP antibody under condiiiom of cheniically suppressed bone marrow by the agent 
bnsulfen. This was done by subcutaneous injection of mice with either a polyclonal anti- 
PACAP or a control polyclonal antibody (at days 0, 3, and 7) and ^XteKwaxOa an 
intr^eritonal injection of Bnsulfan (20 mg/kg^ (at days 8 and 11). The platelet number 
was coonted at different time points and we found that, mice preix«ated with tb« 
polyclonal anti-PACAP antibody recovered more rapidly firara fbm fhwrnbooytopeaic 
condition than the mice injected with the control antibody (Figme 9A3). 



and its F<'ab*'>2 or mnn pyalent F^ b 



of Monoclnm ^H i^t ibodiea ai 

Mmunosensitization and Cell Fusion: A recombinant human PACAP(l-38) fusion 
protem. consisting of (he amino acids encoded by the PACAP peptade 1-38 coupled to 
Glutathione SHransfierase «3ST) was expressed in Escherichia coli and purified by 
affinity dmnnatography on immobilized ghrtathione (Ame^^ham Biosciences). 
Recombinant human PACAP(l-38) is mixed with an equal amount of an adjuvant, and an 
obtained mixmre is than subcutaneously administrated to Balb/c male mice (8 weeks old 
upon the start of immunization) hi an amount oonesponding to an amount of PACAP(1- 
38) of 100 ^ig par 1 mouse (prinung immunization). After about 21 days, iromwnissation 
can be pex«>mied by subcutaneous administration in the same manner as described ^ove 
(booster hmnmdzation). After 19 days or 30 days fiom the booster, the mice can 
admfaiistrated through then taU veins with 200 nl of a preparation obtained by diluting 
hxmian PACAPd-SS) with PBS (phosphate-bufifeied physiological saline) to have » 
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concentratioxi of 250 lig/ml (final iinmumzation). Spleens have than to be excised from 
the mice after about 3 days fiom Qxe foial immunizaticxi, and they have to be separated 
into single cells. Sub&equesotly» the spleen cells should be washed wilh a proper medium^ 
e.g. DMBM medium. On the other hand, suitable mouse myeloma cells (e«g. Sp2/0^ 
5 Agl4) have to be collected in the logarithmic gtowtibt phase, and to be washed with a 
proper medium, e.g. DMEM medium. The spleen cells and the moy$e myelomia pelte 
have to be sufficiently mixed in a plastic tube in a ratio of numbers of the cells of 10:1^ 
followed by addition of 50% (wAr) polyethylene ^ycol (PEG e.g. of Bodmnger 
Mannhehn> avenge molecular wdght: 4000) to p^omi cell fusion at 37''. C, for 7 
10 minutes. After rsxnoval of the supernatant solution (by means of c^trifiigatLon)^ the 
residue is added with HAT medium (pMEM medium coutaimzig 10% fetal bovime semm 
added with hypoxanthine^ aminopteriny and thymidine)* The residue has to be susp^ded 
so Ifaat a concentration of the spleen cells of about 5>^106 cells/ml is obtained. This cell 
si^enslon can than be dispensed and poured into 96-well plastic plates so that one well 

15 contains about 100 |il of the suspension^ followed by cultivation at 37^ C in 5% c^bon 
dioxide. HAT medium has to be supplemented; for instance in m amount of 50 ^i/well 
on 2iMi and 5(h days. After thal» half volume of the medium can be exchanged every 3 or 
4 days in conformity with proliferation of hybridomas. 

Screening and Cloning cf Hybridomas: Hybxidomas, which prodoce the monoclonal 
20 antibody of the present mventiony have to be scremed for. This has to be done by u$ing, 
as an indeK, the inhibitory activity of the monoclonal antibody on tib^e physiological 
activity possessed by FACAP. Hybridomas, which produced monoclonal antibodies 
exhibiting reactivity with PACAP's have then to be selected fiom the selected clcnaes. The 
obtained hybridomas have then to be transfeired to a suitable medium for instance HT 
25 medium which is the same as HAT medium except that aminopterin is removed fi:om 
HAT medium, and cultured finther. Cloning can be performed twice in accordance with 
the limiting dilution method by wHch stable hybridomas are obtainable. 
Production and Purification of Monoclonal Antibodiesi 2,6^10^14- 
Telramethylpentadecane (e.& Pristane of Sigma* 0.5 ml) can be mtraperitoneally mjected 
30 into Balb/c female mice (6 to 8 weeks old from the birth). After 10 to 20 days^ cells of 
clones can be (1 10^ to 10^ cells) suspeoaded in PBS mi intcaperitoneally inoculated into 
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Ihe inice. Afler 7 to 10 days, the auce can be sacrificed aiui subjects 
operation, &om which produced ascitic fluid can be ooUected. The ascitic fluid caa be 
cearfiifcgBd to remove inBolubte mattcxB, and a siipcanalant was i«oov«red and stoied at 
-20* C until purification Consequently, IgG can be purified fiom the ascitic fluid 
siipemalant described above by usiing Hi-Tx^ PxobeaurA antibody pwtificatiott kit 
(available fiom Phannacia, Roosendaal, Netharlands). Namely, the ascitic fluid (2 ml) 
can be added with Solution A (1 .5 M glycine, 3 M NaQ, pH 8.9, 8 ml), and filtrated with 
a filter &x filtration lucving a pore size of 45 max (Mimpore). ASbeat that, an obtained 
filbate can applied to a colnnm (oohmm volume: 1 ml) charged wifix Protein Sepharose 
HP Oxrodnced by Phannada) sufficiently equilibrated with Solution A. and the column 
has be washed wilh Solution A in an amount of J O-foM column volume. Subsequeatly, an 
IgG fraction can be dufed with SohUion B (0.1 M glycine, pH 2.8) in an amount of 10- 
fold cohmm volume. The eluted IgG fiaction can be dialyzed against PBS. The 
mottoclonal antibodies can be detennined for thdr IgG subdasses by using the purified 
antibodies obtained in the fiwegoin& by means of a commfiiciaUy available siibchiss- 
dotoraiimng Idt (ixade name; Mono Ab-ID EIA Kit A, produced by Zymed). This moQiod 
is based on the BUS A method. The hihibitory Activities of Monoctonal Antibodies can 
be tested for their possible stimulatoiy eiBFect on collagen-induced (0.35 ^g/ml) platelet 
aggregation of human or mouse platelets. A similar approafdi may be used JEbr the 
preparation monoclonal antibodies specific to VIP or to PACAP lecqptor VPCAl or 
fragmfints thsreofi Such antibodies can be appUed for dosing activating or inhibitory 
PACAP wimetics by ELBA, fcr the purpose of motjitoring PACAP (analogues) 
conceuliatians in the phisma of treated salgects. The VPACl hav« been clcwied (Bfaumar 



VPACl receptor HNA has been 



et al, Pharmacol Rev. 50: 2«5-270, 1998). The hi 

characterised fiom a HT29 human colcmic adenocarcinoma cell line Ubraty. Human 
VPACl receptor comprises 457 anuno acids (Sieedharan et at Proc. Natl. Acad. Sd. 
USA 92; 2939- 2943, 1993). Ito human VPACl receptor gene is Wed on region p22 
of chKimosame 3 (Sreedhaian et aL Biochem Biophys Res Commun 193: 546 - 553, 
1995). CeU lines, such Sacchazamyces ccrevisae, which ate naturally devoid of VPACl, 
can be transfectsd to produce such (Hansen MK Receptois Channels 6: 271 - 281). 
Veotare for raspxessian of PACAP leceptoiB have been described in WO0107478. The 
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method for preparation of PACAP receptor pzotems been disdosed in patent 
application US20020 155533. 

Preparation of F(ab')2 or monovalent Fab Jragments: Jjx order to prepare FCab^Z 
&agments» the monoclonal antibody can be dialyzed ovenoight agaixist a 0.1 xnoI/L citxate 
5 bnfifer (pH 3.5)* The antibody (200 parte) are then digested by incubation with pepsin (I 
part) available ftom Sigma (Saint-Louis, Missouri) for 1 hour at 37*Ca Digestion is 
consequently stopped by adding 1 voliime of a 1 M Tirii^ HCI birfJbr (pH 9) to 1 0 volumes 
of antibody. Monoval^ Fab fragzamts can prepared by p^ain digestion as follows: a 1 
volume of a IM phosphate buffer (pH 7,3) is added to 10 voluxnes of the numDclonal 

10 antibody, tihen 1 volume papain (Sigma) is added to 25 volumes of the pho^bate bufTeoc 
coBtaining monoclonal antibody^ 10 mmol/I L-Cysteine HCI (Sigma) and 15 mmol/L 
ethylene diamin^traracetic acid (herCTiafier referred to as EDTA). After incubation for 
3 hours at 37"C, digestion is stopped- by adding a final concentration of 30 mmol/I 
jSreshly prepared iodoacetamide solution (Sigma), keeping the nrixtore in the dark atroom 

15 temperature for 30 muwtes, Botii F(ab*)2 and Fab jfragments caxi fhrliier be purified ffcom 
contaminatme intact IgG and Fc firagments using protdn-A.-Sepharose. The purified 
jBragm^trts can finally dialyzed against phosphate-buSEered saline (herein after re^rred aa 
PBS). Purity of tibie Augments can be det^mined by sodiuradodecylsulphatB 
polyaciylamide gel electrophoiesis and the protein concentration can be measured using 

20 the bicittchonicic acid Protein Assay Reagent A (Pierce, Rockford, lUinois). 
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Ha^ostasis and fhrombocytopoiesis 



Claims 



1. Use of a confound that iahifaits the «ocpressioa of PACAP or VIP for the niMiu&cUire 
of a medicament for platelet hypo&fOfMim. 

2. Use of a coimmiind that inhibits ttie activity of PACAP or VIP for the manufectwe of 
a medicaniBnt fi>r platokt hypofimctiOitt. 

3. Use of a coxnpound according to the claims lor 2 selected from delist 

an antisense molecule, a RNAi, aa aptamer* a small molecule^ an antibody, i 
libozyme, a Hansdominant reoqmjr, a tetramedc peptide. 



w« w a. wmporam accordmg to claam 2 selected from the list consistuis.of max.d.4 
5, PACAP6-38, [4a-D-Phfl6, Leul7]VIP, VIP(10-28), cyclic lactam analogs of 
PACAP, [AcHis(l), D-Phe(2), Lys(15). l«o(n)]VIP(3-7)/C0[UF(8-27). PACAP 
receptor blocking Cyclic lactam PACAP analogs, N-tamiaal frimcated or substituted 
VIP peptide PACAP receptor blocteis, nenijaJismg anlabodies against VPAC(l) and 
neuTttaHzing ^ptamer againts VPAC(l) receptor^ 

25 5. Us© of a confound according to chdm 2, wfaercan conqwimd is [4C1-D-Phe6. 
LeulTIVIP, VJP(10-28). 

6. The use of olann 2, wherem the disoider (thrombocytopema) is cffl^ 

levels in the affected individual below a noimal range of platelets for tibiat mdividnal. 
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dirombocytopenia, and otlracs. 



thrombocytopeaia^ 
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chaxacterized by a low level of platelets in pentpheral blood, iTvfaich is caused by an 
mfectious agent such as a bacteria or vims. Treatment induced thrombocytopenia is a 
diaorder charajcteiized by a low level of platelets in p^pheral blood which is caused 
by therapeutic treatments such as ganuo^ irradiatxon, ther^e^itic ^stposwe to 
radiation^ cytotoxic drugs, chemicals containing benzene or anthracene and even 
some commonly used drugs such as chloramqphenicdU thiouracil» and barbiturate 
hypnotics* Other types of thronobocytopenia comprise disorders characterized by a 
low level of platelets in peripheral blood, which is caus^ by any mechrai$m other 
than infectious agents or therapeutic treatmente causing tbrombocytopenia. Factors 
causing this type of thrombocytopenia include, but axe not limited to, rare bone 
marrow disorders such as congenital amegakaryocytic hypoplasia and 
thrombocytopenia with absent radii (TAR syndrome^ an increase in spleen size^ or 
splenomegalyp caused by portal hypextension, secondary to livegr disease, or 
macrophage storage disorders such as Gauchers disease, autoimmune disorders such 
as idiopathic or immune thrombocytopenic puipura (IirP)» vasculitis, hemolytic 
uremic syndrome, thrombotic thrombocytopenic purpura (TTP), disseminated 
intravascular coagulation (DIG) and prosthetic cardiac valves. UF is by &jr the most 
fiequent type in this gjmip of thrombocytopenias. A subject having 
Ifarombocytop^a is a subject having any type of thrombocytopenia. In some 
embodiments the subject having thrombocytopenia is a subject having non- 
chemothei^eutic induced thrombocytopenia. A $ubj^t having non- 
chemother^eutic thrombocytopenia is a subject having any type of 
thrombocytopenia but vtdio is not undergoing chemotherapy. In o&er embodiments 
the subject is a subject having chemotfaex^eutic induced thrombocytopenia, which 
indudes any subject havii^ thrombocytopenia and bdng treated voXbt 
chemofherapeutic agents. 
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Haemosfasis and tliFoinbocytopoirais 



5 ABSIUACT 



The present inv^on relates to a new method for prevenlion and treabnent of eifliOT 
thrombosis or bleeding based on administration of pitnitary adenylyl cyclase acdvatuig 
10 peptide (PACAP) munetica or inhibitara respectively or by activating or blooidtjoig 
respectively of a platelet VPACl receptor. 
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